The synthesis and study of silicon-based materials having transition metals in the structure is an area of growing interest since, as a result of the metal atoms incorporation, attractive electrical, electrochemical, magnetic, catalytic, biological, rheological and optical properties can be developed. In addition, these materials would be of interest as pyrolytic precursors to transition metal containing ceramic products [1,2]. There are in literature reports about the preparation and using of such materials. Thus, inorganic hybrid materials consisting in polysiloxane -metal-oxo-clusters were prepared by sol-gel technique. Analysis indicated that the metaloxo-clusters were comprised of mixed species of solgel precursors resulting in hetero-bonded (Si O M) colloids [3] 
Metal μ-oxo clusters of transition metals are compounds of high interest in catalysis, medicine, and material sciences due to their ability to act as electron reservoirs as well as the extreme variability of their molecular properties, including size, shape, charge, charge density, redox potential, acidity, solubility and so on [8] [9] [10] [11] . In the last decades, multinuclear clusters have attracted attention as objects to create single molecular magnets and this interest considerably widens [12] [13] [14] . Among this class of clusters, the μ-oxo iron carboxycomplexes have special interest [15] [16] [17] . A large range of carboxylic acids were used as ligands for μ-oxo metal clusters: acetic acid [16] and their homologues with different length of the catene, including fatty acids [18, 19] , halogen derivatives [20] [21] [22] , hydroxy-carboxylic acids [23] or ferrocene mono-and dicarboxylic acids [24, 25] . To our knowledge, the use of organo-siloxane or silane-containing carboxylic acids in such structures has not been reported.
In this paper, we used for the first time two carboxylic diacids containing linear diorgano-siloxane or diorganosilane spacers between the two carboxylic groups as ligands in {Fe 2 CoOSi n } clusters.
Experimental procedure

Materials
Trimellitic anhydride (Aldrich Chemical Comp.), AT, was recrystallized from a mixture of hot toluene-acetic anhydride (m. p. [164] [165] o C). 1,3-Bis(3-aminopropyl)tetramethyldisiloxane (Fluka AG), AP 0 , was used as received.
Iron chloride hexahydrate, FeCl 3 •6H 2 O, 97%, m.p.=37 o C, was purchased from Sigma-Aldrich, M=270.3.
Cobalt(II) acetate tetrahydrate, Co(CH 3 COO) 2 •4H 2 O, M=249.08, 98%, was purchased from Sigma-Aldrich.
Techniques
Fourier transform infrared (FT-IR) spectra were recorded using a Bruker Vertex 70 FT-IR spectrometer. Analyses were performed in the transmission mode in the range 400-4000 cm -1 at room temperature with a resolution of 2 cm -1 and accumulation of 32 scans. The samples were incorporated in dry KBr and processed as pellets in order to be analyzed.
The 1 H-NMR spectra were recorded on a BRUKER Avance DRX 400 spectrometer, using CDCl 3 as a solvent.
The Mössbauer spectra were acquired using a conventional spectrometer in the constant-acceleration mode (MS4, Edina,USA) equipped with a 57 Co source (3.7 GBq) in a rhodium matrix. Isomer shifts are given relative to α-Fe at room temperature. The samples were measured at room temperature (RT) and 80 K and the spectra were fitted using the NORMOS Mössbauer Fitting Program. The carbon, hydrogen and nitrogen contents were determined by standard methods. The metals (Fe, Co) and silicon presence was evidenced and their ratio was estimated by using an Energy-Dispersive X-ray Fluorescence (EDXRF) system EX-2600 X-Calibur SDD.
Thermogravimetric analyses (TGA) were performed on a Mettler Toledo TGA-SDTA851 e type derivatograph (thermogravimetric analyzer) under a flow of nitrogen (20 mL min -1 ), in the temperature range of 25-1000 o C, using a heating rate of 10 o C min -1 with 2-5 mg of sample mass. Alumina crucible (70 µL) was used as sample holder. The experiments were repeated for three times for each sample to verify the results reproducibility obtaining almost similar behaviors. In order to obtain the thermal properties, the data were processed using the STAR software Mettler Toledo. 3449w, 3069m, 2999m, 1693s, 1598m, 1554m, 1499w, 1440vw, 1428s, 1415s, 1390m, 1318m, 1284s, 1263sh, 1190m, 1132w, 1108s, 1096s, 1019m, 999vw, 917wbr, 848w, 812vw, 763w, 735m, 708s, 698s, 634vw, 532s, 510s, 466vw. 1 H NMR (400.13 MHz, CDCl 3 ), δ, ppm: 8. 09−8.11d, 7.67-7.69d, 7.54-7.56d, 7.46-7.48d, 7.41-7 .43t (aromatic protons); intensity ratio: 2:2:2:1:2.
Procedure
, 3 -B i s ( 3 -t r i m e l l i t y l i m i d o p r o p y l ) tetramethyldisiloxane,
[HOOC-C 6 H 3 (CO) 2 N(CH 2 ) 3 -(CH 3 ) 2 Si] 2 O, H 2 Ipds, was prepared by the chemical modification of the aminopropyl groups telechelic attached to tetramethyldisiloxane. The used method consisted in condensation 1,3-bis(3-aminopropyl) tetramethyldisiloxane (AP 0 ) with trimellitic anhydride (AT) in excess (molar ratio AP 0 :AT about 1:2.25) by refluxing in N,N`-dimethylformamide (sol. 5 molar) for 3 h [28] . The solution was cooled, filtered, and concentrated in vacuum after which this was added to excess water to precipitate the formed diacid macromer. The product deposited as a white solid, and was separated by filtration and dried.
Yield 2953m, 2928sh, 1776m, 1717vs, 1694vs, 1626w, 1604w, 1485w, 1421m, 1394vs, 1362s, 1301s, 1254vs, 1187m, 1085s, 1060s, 981w, 974w, 865w, 842m, 788m, 757vw, 729s, 703m, 659vw, 636vw, 610w, 530m. 1 H NMR (400.13 MHz, Acetone-d 6 ), δ, ppm: 8. 41-8.43t, 8.32s, 7.92-7 .94D (3H, aromatic ring), 3.63-3.67t (2H, -CH 2 -N<), 1.70-1.78m (2H, -CH 2 -CH 2 -CH 2 -), 0.58-0.62m (2H, -Si-CH 2 -), 0.07 (6H, CH 3 -Si-); intensity ratio: 3:2:2:2:6. 3050m, 3020m, 2930m, 1662s, 1613s, 1544s, 1497m, 1395s, 1310sh, 1256w, 1107s, 1019m, 998w, 862w, 773s, 721s, 712s, 702s, 663m, 594w, 536w, 536w, 512m, 482m, 2952m, 2899w, 2878w, 1773m, 1719s, 1658m, 1624s, 1592m, 1482w, 1432m, 1387s, 1361s, 1312sh, 1254m, 1196w, 1090m, 1062m, 1007sh, 970w, 929w, 840m, 789m, 736s, 709m, 613w, 576w, 546w, 469m, 416w . EDXRF atomic ratio: Fe:Co:Si=2:1:5.7.
Results and discussion
The homo-and heterotrinuclear carboxy-clusters of iron(III) are well-known [15, 16] . They have the triangular molecular structure (Fig. 1 ) in which the metal ions are placed in the corners of triangle [16, 20, 29, 30] . The oxo O 2-anion situated in the centre is tridentate ligand and forms donor-acceptor bonds with metal anions. The carboxylate groups are bidentate bridge ligands and are coordinated to the neighboring metal ions in the syn-syn fashion. The monodentate molecule L completes the coordination number of the complex' generator to six. In out-sphere of the coordination cation is situated the anion. As a rule there are some molecules of solvent.
Preparation of μ 3 -oxo-hexaacetato-triaqua-cobalt(II)-diiron(III), {Fe 2 CoO}, was done according to an already reported procedure [30] , by mixing aqueous solutions of FeCl 3 •6H 2 O and Co(CH 3 COO) 2 at room temperature. The reaction leads to the product with the structure presented in Fig. 1 is assigned to carboxyl group (supplementary data). In 1 H NMR spectrum of the H 2 Ipds ligand, there are peaks at 0.58-0.62 ppm (-Si-CH 2 -), 1.70-1.78 ppm (2H, -CH 2 -CH 2 -CH 2 -), and 3.63-3.67 ppm (-CH 2 -N<) that are significantly shifted as compared with those from the starting siloxane diamine, AP 0 (0.41-0.46, 1.33-1.41, and 2.57-2.61 ppm, respectively), as a result of including the amine groups in imidic cycles. The peaks that are characteristic for aromatic protons are present in the spectrum at 7.92-8.41 ppm. The intensity ratios of the peaks are those expected according to the structure presented in Table 1 .
The elemental analysis values for both synthesized diacids were found to be in agreement with the proposed structures.
By the reaction of trinuclear acetate iron(III)-cobalt(II) clusters containing {Fe 2 CoO} fragment with bis(pcarboxyphenyl)diphenylsilane (H 2 Bcpdps) or 1,3-bis(3-trimethylimidopropyl)tetramethyldisiloxane (H 2 Ipds), the new heteronuclear {Fe 2 CoOSi n } clusters were prepared. In both cases, the reactions occurred in DMF, at room temperature and the newly formed products separated as precipitates that proved to be insoluble in common organic solvents (chloroform, toluene, acetone, THF, methanol, DMF, etc.) . The IR spectra of the synthesized complexes are rather complicated (supplementary data). Analyzing these data may conclude that the silicon-containing ligands are present in the composition of the respective complexes, i.e., during the reaction, the acetate groups have been substituted by silicon-containing diacids (HOOC-R-COOH). Thus, in the IR spectra of the cluster I, the band at 1693 cm -1 , attributed to C=O stretching oscillation of COOH group in the free acid, disappeared and some new bands can be distinguished in its place, at 1662, 1624 cm -1 and 1395, 1387 cm -1 assigned to ν as and ν s (COO -) group, respectively. This proves that the acetate anion from the precursor was substituted by a new silicon-containing ligand.
In the IR spectra of the cluster II, the bands ν as (Si-O-Si) 840 cm -1 indicate the presence of the dimethylsiloxane moiety in the cluster structure. At the same time, the carboxyl band at 1694 cm -1 in the initial diacid is shifted to lower wavenumber in the complex (supplementary data); the imide bands can be seen at about the same wavenumber (1773 and 1719 cm -1 ) as in free ligand. The presence of Fe, Co and Si in the structures of the two clusters, I and II, was emphasized by EDXRF spectroscopy, the three elements being found in the ratios according to the proposed structures. The differences between found elemental analysis values and those calculated according to the proposed structures could be explained by the presence of the residual acetate traces in the products.
The thermal stability of the complexes was evaluated by dynamic thermogravimetric analysis in nitrogen atmosphere. Figs. 2 and 3 show the TG and the differential weight loss DTG curves of the compounds I, II, and {Fe 2 CoO}. The summary of the important thermogravimetric characteristics: T onset -the temperature at which the thermal degradation begins, T peak -the temperature at which the degradation rate reaches its maximum value, T endset -the temperature at which the process ends, W% -the percentage weight loss in each step and the residue amount, obtained from the thermogram are listed in Table 2 . The thermal decomposition of the analyzed samples is complex, as it occurs along 5, 6 stages, within the 50-1000°C temperature range, depending on their chemical composition. An amount of residue of 30 to 49% results further to the degradation process, at 1000°C. From analysis of thermogravimetric curves and the data shown in Table 2 , one can see the precursor acetate cluster shows a six-step decomposition process that begins at 50 o C. By replacing acetic anions in cluster with silicon-containing ones, the thermal stability significantly increases. Thus, the decomposition begins at higher temperature, 126 and 131 o C, for the clusters I and II, respectively. Also, the main mass loss occurs at 280 o C in the case of acetate cluster, while in the cases of the clusters containing silicon this happens at 456 and 459 o C, respectively. In the temperature range 400-550°C and >700°C, the similar thermal characteristics were found for acetate cluster precursor, {Fe 2 CoO}, and cluster II.
The Mossbauer spectra of the modified clusters, I and II, at 300 and 80 K present one insignificant asymmetry doublet (Fig. 4) with the values of isomer shift (δ Fe ) and quadrupole splitting (ΔE Q ) presented in the Table 3 .
The values of (δ Fe ) and (ΔE Q ) for MS of the investigated complexes correspond to the iron(III) in the high spin state, S=5/2. Between paramagnetic ions there is antiferromagnetic interaction (previous 
Conclusion
Two new heteronuclear complexes based on iron-cobalt and silicon-containing dicarboxylate anions have been synthesized. Coordination number of Fe and Co in the . Both complexes contain iron(III) in the high spin state (S=5/2) and the symmetry of {M 3 O} fragment is near C 2v according to Mössbauer spectra. The thermal stability of the clusters increases by replacing acetic acid with silicon-containing dicarboxylic ones. The compounds of this type may be used as precursors for obtaining mixed oxides nanoparticles.
Supplementary data
Figures showing FTIR spectra for {Fe 2 CoO} cluster and substituted clusters I and II in comparison with those of the ligands H 2 Bcpdps and H 2 Ipds are available.
